In 17 nonhuman primates, nine females and eight males from 5 to 22 years old, there were 10 cases of renal carcinoma, four of renal adenoma, one nephroblastoma, one hamartoma and one transitional cell papillomatous hyperplasia. The most frequent clinical signs were anorexia, lethargy, weight loss, depression, and dehydration. Tumors were 0.1 to 10.0 cm in diameter. In neoplasms of tubular cell origin, papillary, tubular and solid histologic growth patterns occurred either separately or in combination. Thirty previously reported cases of primary renal tumors in nonhuman primates also were reviewed.
In the past, the incidence of neoplasms in nonhuman primates has been considered low; more older animals are being examined, however, and reports of neoplasms in the nonhuman primate are more common [ 12, 13, 15-17, 25, 27, 28, 331. The 30 previously reported primary renal neoplasms in nonhuman primates include 29 tumors of tubular origin and one of transitional cell origin. There were 21 carcinomas, six adenomas, one adenosarcoma, one "tumor" and one transitonal cell carcinoma (table I) . Two of these neoplasms occurred in the same rhesus macaque, an adenoma in one kidney and the transitional cell carcinoma in the other [38] . There were 18 males, eight females and three of unknown sex. The average age was 13 years with a range of 1 to 27 years. Three male and two female rhesus macaques had received whole-body irradiation as much as 12 years earlier.
Eleven of the monkeys with known clinical histories died or were killed in a debilitated or moribund condition caused either by the renal neoplasm alone [ I 1,24, 321, or in combination with other neoplasms [7, 24, 321 or with other diseases [5, 6, 28, 32, 37] . Clinical signs included lethargy, anorexia, weight loss, diarrhea, dehydration, and emaciation. Transient hematuria was reported in one case [33, 371 . The remaining tumors in cases with known clinical history were incidental findings in monkeys that died of injuries (321 or were killed in the course of various experiments (14, 19, 21, 22, 35, 38, 401. Eight monkeys had tumors in both kidneys (table I) . Multiple tumors occurred in one kidney in one such monkey [24] and in both kidneys of two others [37, 40] . The neoplasms varied from white or gray to yellow; some of the carcinomas were mottled 
Materials and Methods
The renal tumors were from the Registry of Veterinary Pathology, Armed Forces Institute of Pathology, and were contributed by five Regional Primate Research Centers and two large metropolitan zoos. Nine female and eight male monkeys were affected. The mean age was 16 years with a range of 5 to 22 years.
Eleven monkeys died spontaneously. Death appeared directly related to renal carcinoma in monkeys 1, 2 and 13. Monkeys 5, 7, 9, 10 and 14-17 apparently died of other diseases with renal neoplasia as either contributory or incidental. The most frequent clinical signs were anorexia, lethargy, weight loss, depression and dehydration. Renal tumors were incidental findings in monkeys 3, 4, 6, 8, and 11, which were killed or died in the course of various experiments. The carcinoma in monkey 12 was from a nephrectomy specimen taken after the animal showed clinical signs of anorexia, anemia and palpable mass in the region of the left kidney. This monkey is alive and well two years after the nephrectomy.
Sections 6 pm thick were stained with hematoxylin and eosin (HE). Selected sections were stained with periodic acid-Schiff (PAS) and Masson. Neoplasms were classified as benign or malignant solely from their histologic characteristics. Nomenclature proposed in the International Histologic Classification of Tumors of Domestic Animals [26] was used. Criteria for ' NZP = National Zoological Park, RPRC = Regional Primate Research Center, SDZ = San Diego Zoo. designation as a malignant neoplasm included the number of mitotic figures, large vesicular nuclei, prominent nucleoli, hyperchromatism. lack of tubular differentiation, cellular pleomorphism (especially spindle cell formation). invasive growth patterns. hemorrhage and necrosis. In cases with multiple or bilateral tumors, a single diagnosis was made for the case unless more than one histologic type of neoplasm was present. 
Results
The 17 cases of primary renal tumors included 10 carcinomas, four adenomas, one nephroblastoma, one adenoleiomyofibromatous hamartoma and one transitional cell papillomatous hyperplasia (table 11, 111) . Monkeys 2 and 5 had received 530 and 597 R whole-body irradiation, respectively, several years earlier. None of the other monkeys had any history of treatment of possible causal significance.
Gross and histologic features of the tumors of the 17 cases are summarized in table 111. Four monkeys had bilateral tumors. Multiple tumors occurred in one kidney in monkeys 2, 10, 11 and 13 and in both kidneys in monkey 9 (table 111). Although some variation in growth pattern and cellular pleomorphism and atypia existed among some multiple and bilateral tumors of the same monkey, this variation also occurred in different parts of some single tumors. Only one diagnosis was necessary for each case. Grossly, both the carcinomas and adenomas were generally round; they varied in color and size ( fig. l) , as did those reported previously. The carcinomas were 0.1 to 10.0 cm in diameter. The largest neoplasm (monkey 13) was the only one that extended beyond the kidney; this carcinoma obliterated the left adrenal gland (table 11). Only two other carcinomas (monkeys 2 and 12) were larger than 2 cm. Adenomas were 0.1 to 2.0 cm in diameter with a mean of 0.4 cm. The hamartoma in the ring-tailed lemur occupried nearly a third of the right kidney ( fig. 2) .
The carcinomas had three distinct histologic growth patterns either separately or in combination: papillary, tubular and solid. Five carcinomas were primarily papillary ( fig. 3 ), two solid ( fig. 4) 
) .
None was solid. Cystic spaces within the neoplastic growth were prominent in monkeys 2, 10 ( fig. 7), 13 (fig. 3) and 15 (fig. 6) (table 111) .
Carcinoma cells generally were large and pleomorphic. Cytoplasm was abundant except in splindle cells, and either granular and eosinophilic or clear. Very large, apparently degenerating cells with foamy cytoplasm occurred occasionally. Nuclei of the carcinomas generally were large and vesicular with prominent nucleoli while other nuclei in the same neoplasm were hyperchromic ( fig. 8,9 ). Mitoses were absent or rare except in monkeys 1 and 13, which had moderate numbers. Necrosis, hemorrhage, hemosiderosis and fibrosis were common in the carcinomas ( fig. 10 ). There were psammoma bodies in monkey 4 ( fig. 1 I) . Cells of the adenomas were smaller, uniform and arranged in more orderly tubular or papillary patterns ( fig. 6,  12) than in the carcinomas.
The transitional cell hyperplasia of monkey 7 had small papilliferous projections into the renal pelvis. The lower parts of the collecting ducts also were lined by multiple layers of large uniform transitional epithelial cells ( fig. 13) . These cells, however, had not penetrated the intact tubular basement membranes.
The neophroblastoma in monkey 16 consisted of epithelial and undifferentiated blastema cells ( fig. 14) and spindle cells (fig. 15 ). The hamartoma had mature, well differentiated tissues consisting of epithelial cells forming large tubules within broad fields of smooth muscle and fibrous connective tissue ( fig. 16 ). In the less dense areas, the fibrous tissues resembled myoepithelial cells.
Discussion
Although in 10 cases tumors were classified as carcinomas, none had metastasized. Assuming that the histologic appearance of the neoplasms permits the correct prediction of their biologic behavior, one may conclude that metastases are slow to develop. In monkeys 5 and 10 it was difficult to separate the adenomas from the carcinomas histologically. The tubular adenomas in these monkeys contained some areas of megalocytes and some hyperchromatic nuclei suggestive of malignant cells.
Of the 29 renal tumors of tubular epithelial origin reported in the literature, three were reported to have metastasized [28, 32, 341 . We have had the opportunity to examine the slide of the pulmonary metastasis reported in the 2 1 -year-old male rhesus macaque [28, 351, and we believe the lung lesion represents a primary lung tumor (papillary bronchiogenic adenoma), not a metastasis of the renal tubular carcinoma. The 14 cases reported here and the 29 previously published cases raise the number of documented tumors of renal tubular origin in nonhuman primates to 43. Only two had metastases, whereas distant metastases are common in man [3, 391 and dogs [2, 201. Some investigators believe that all human renal tubular tumors are malignant, while others believe that adenomas exist, especially among the tumors less than 2 to 3 cm in diameter [3] . Tumors less than 2 cm in diameter have metastasized, however, and about a third of the tumors in man have distant metastases [3] . Unfortunately, there are no exact gross, histologic or ultrastructural features that consistently differentiate renal carcinomas from adenomas [3] .
Some investigators believe it is unacceptable to designate animal tumors as malignant in the absence of metastasis. When data concerning the biological behavior of a neoplasm are not available, however, one would be remiss in not attempting to correlate the histologic features with those of another closely related species in which the biological behavior is well known. Our small series of primary renal tumors in nonhuman primates does not allow us to draw conclusions about their biological behavior. We used histologic features that have been used with reasonable success in other species of animals in predicting malignancy or benignancy. We do not know if the histologic criteria we used to classify these tumors as benign or malignant are good predictors of biological behavior. Of the 17 cases we studied, all but one were necropsy specimens. In the one surgical case, no metastases were found two years after surgery.
The classification of primary renal neoplasms in nonhuman primates into benign or malignant types is still arbitrary. More clinical data are needed on the biological behavior of these neoplasms to correlate with the histologic features.
The nephroblastoma (monkey 16: fig. 14, 15 ) and the hamartoma (monkey 17; fig.   16 ) are the first reported in nonhuman primates. The hamartoma was similar to the leiomyomatous hamartomas reported in human kidneys [4] .
We believe that the cells lining the collecting ducts and renal pelvis in monkey 7 represent a metaplastic and hyperplastic change.
The true incidence of primary renal tumors in nonhuman primates remains unknown and may vary among species. It is probable, however, that as more older nonhuman primates are examined, the incidence of primary renal neoplasia may approach that in man and dogs, and their biological behavior will be predicted more accurately.
